The aim of this research was to assess the antinociceptive activity of the transient receptor potential (TRP) channel TRPV1, TRPM8, and TRPA1 antagonists in neurogenic, tonic, and neuropathic pain models in mice. For this purpose, TRP channel antagonists were administered into the dorsal surface of a hind paw 15 min before capsaicin, allyl isothiocyanate (AITC), or formalin. Their antiallodynic and antihyperalgesic efficacies after intraperitoneal administration were also assessed in a paclitaxel-induced neuropathic pain model. Motor coordination of paclitaxeltreated mice that received these TRP channel antagonists was investigated using the rotarod test. TRPV1 antagonists, capsazepine and SB-366791, attenuated capsaicin-induced nociceptive reaction in a concentration-dependent manner. At 8 µg/20 µl, this effect was 51% (P<0.001) for capsazepine and 37% (P<0.05) for SB-366791. A TRPA1 antagonist, A-967079, reduced pain reaction by 48% (P<0.05) in the AITC test and by 54% (P<0.001) in the early phase of the formalin test. The test compounds had no influence on the late phase of the formalin test. In paclitaxel-treated mice, they did not attenuate heat hyperalgesia but N-(3-aminopropyl)-2-{ [(3-methylphenyl)methyl]oxy}-N-(2-thienylmethyl) benzamide hydrochloride salt (AMTB), a TRPM8 antagonist, reduced cold hyperalgesia and tactile allodynia by 31% (P<0.05) and 51% (P<0.01), respectively. HC-030031, a TRPA1 channel antagonist, attenuated tactile allodynia in the von Frey test (62%; P<0.001). In conclusion, distinct members of TRP channel family are involved in different pain models in mice. Antagonists of TRP channels attenuate nocifensive responses of neurogenic, tonic, and neuropathic pain, but their efficacies strongly depend on the pain model used.
Introduction
Major interest in transient receptor potential (TRP) channels is because of the variety of biological functions in which they participate. Their localization on sensory neurons determines photo-and thermoreception, as well as taste and smell perception. Since TRP channels play a crucial role in hypersensitivity to thermal, mechanical, and chemical stimuli during inflammation and after nerve injury, they are regarded as novel and promising drug targets for the treatment of inflammatory and neuropathic pain in humans (Brederson et al., 2013; Sałat et al., 2013b) .
chemical irritants, such as allyl isothiocyanate (AITC), cinnamaldehyde, acrolein, or formaldehyde (Eid et al., 2008; Sałat et al., 2013b) . Cooling properties of menthol are explained by the activation of TRPM8 and TRPA1. In view of this, the inhibition of the aforementioned TRP channels by specific ligands holds promise for their use as not only a novel class of analgesics but also pharmacological tools for further investigation of the role of TRP channels in various pain models in mammals, particularly in chemically induced acute neurogenic, tonic, and neuropathic pain models.
It is well known that TRP channel agonists such as capsaicin and AITC evoke neurogenic pain by stimulating TRPV1 and TRPA1 channels, respectively. In contrast to this, nociception evoked by formalin and paclitaxel is not so clearly understood as it involves several distinct mechanisms. It was previously shown that formalin-induced pain is evoked by the activity of numerous mediators, channels, and receptors (Santos and Calixto, 1997; Coste et al., 2012) , as well as nerve fiber types (Rios et al., 2013) and signaling pathways (Coste et al., 2012) . Paclitaxel in turn is a chemotherapeutic agent, which causes toxic painful neuropathy and pain that are usually resistant to analgesic drugs (Nieto et al., 2012; Hara et al., 2013) .
Accumulating data indicate that some TRP channels, i.e. TRPV1 (Hara et al., 2013) , TRPV4 (AlessandriHaber et al., 2004; Levine and Alessandri-Haber, 2007) , TRPA1-and TRPV4-mediated glutathionesensitive mechanisms (Materazzi et al., 2012) might be involved in the development and maintenance of paclitaxel-evoked neuropathic pain, although other molecules, such as sigma-1 receptors (Nieto et al., 2012) , cannabinoid receptors (Authier et al., 2009) , calcium channels (Authier et al., 2009 ) and CCL2 chemokines (Pevida et al., 2013) , are also considered.
In the last years, numerous antagonists of thermo-TRP channels have been developed (Sałat et al., 2013b ), but they have been mainly tested using in vitro and ex vivo assays, and there is rather conflicting and limited knowledge about their influence on the nociceptive threshold in behavioral models of acute and chronic pain in rodents (Walker et al., 2003) . Moreover, in these previous studies only a systemic route of administration of TRP channel antagonists was used.
The present research aimed to establish the antinociceptive activity of TRP channel antagonists using various pain models in mice. These compounds injected into the dorsal surface of the hind paw of a mouse were tested in acute (neurogenic) pain models (capsaicin test and AITC test) and in the formalin (tonic) pain model. The intraperitoneal route of compounds' administration was applied only in a model of painful toxic neuropathy induced by paclitaxel to assess the effect of various TRP channel antagonists on thermal hyperalgesia and tactile allodynia, and to investigate the potential role of TRP channels in pain hypersensitivity caused by paclitaxel.
To establish the effect of particular TRP channels on the development and maintenance of pain in these in vivo models, capsazepine, a nonselective TRPV1 antagonist (Walker et al., 2003) , SB-366791, a selective TRPV1 antagonist (Niiyama et al., 2009 ), HC-030031 and A-967079 which are both TRPA1 antagonists (Chen et al., 2011) , and AMTB, a TRPM8 antagonist (Lashinger et al., 2008) were assessed in behavioral assays.
Materials and methods

Animals
Adult male albino Swiss (CD-1) mice weighing 18-24 g were used in the present study. The animals were housed in standard laboratory cages (20 cm× 30 cm×15 cm), in groups of 10 mice/cage, at room temperature of (22±2) °C, under light/dark (12 h:12 h) cycle. The mice had free access to food and water before experiments. During the in vivo tests the temperature of the room and humidity were controlled. For the experiments, the animals were selected randomly. Each group consisted of 8-10 animals/dose, and each mouse was used only once. The behavioral measures were scored by trained observers blind to experimental conditions. The experiments were performed between 8:00 a.m. and 3:00 p.m. Immediately after the assay, the animals were euthanized by cervical dislocation. All experimental procedures were carried out according to the guidelines of the Local Ethics Committee of the Jagiellonian University in Cracow (ZI/595/2011), Poland.
Chemicals
Capsaicin, AITC, and formalin injected into the dorsal surface of the hind paw of a mouse cause a prompt response at the application site. This effect is called neurogenic inflammation. It appears within seconds and lasts for tens of minutes. Therefore, the antinociceptive activity of TRP channel antagonists in these three pain models was assessed after their local administration 15 min before the administration of algogens. The antinociceptive activity of TRP channel antagonists after their intraperitoneal injection was investigated in the paclitaxel-induced neuropathic pain model. Neuropathy caused by this anticancer drug develops within both the central and peripheral nervous systems. In this model of neuropathic pain, TRPV1, TRPA1, and TRPM8 ligands were evaluated for their potential antiallodynic and antihyperalgesic properties.
Paclitaxel, capsaicin, capsazepine, A-967079, AITC, and cremophor EL were provided by Sigma Aldrich (Poznań, Poland). HC-030031 and N-(3-aminopropyl)-2-{[(3-methylphenyl) methyl]oxy}-N-(2-thienylmethyl)benzamide hydrochloride salt (AMTB) were purchased from Tocris Bioscience (Warszawa, Poland). To establish a mouse model presenting neuropathy, paclitaxel was dissolved in ethanol (100% (v/v); Polskie Odczynniki Chemiczne, Gliwice, Poland) at 10% of the final desired volume and vortexed for 2 min. An equal volume of cremophor EL (10% of the final volume) was then added and the mixture was vortexed for the next 10 min. Prior to injection, ice-cold physiological saline (80% of the final volume) was added to make up a final volume and the solution was maintained on ice during dosing. This protocol was modified from Nieto et al. (2012) .
AITC was diluted in corn oil (Sigma Aldrich, Poznań, Poland) to obtain 0.1% (w/w) solution, whereas capsaicin was dissolved in ethanol at 5% (w/w) of the final desired volume and vortexed for 2 min. Then physiological saline (Polfa, Kutno, Poland) was added (95% of the final volume) and the mixture was vortexed again. Formalin (37% (w/w) formaldehyde solution) was purchased from Polskie Odczynniki Chemiczne (Gliwice, Poland). It was diluted to obtain a 5% (w/w) solution, which was then used to induce a nociceptive reaction.
TRP channel antagonists tested in behavioral assays were dissolved in 0.3% (w/w) dimethyl sulfoxide (DMSO; Polskie Odczynniki Chemiczne, Gliwice, Poland) and vortexed for 5 min. They were either administered intraperitoneally (i.p.) 30 min before pain tests (refers to paclitaxel-induced neuropathic pain model) or injected into the dorsal surface of the hind paw of a mouse 15 min before algogens (formalin, AITC, or capsaicin). The doses of the test compounds used for in vivo experiments were chosen based on the results of our previous preliminary studies, as well as available literature data (Zhao et al., 2012) . In each test, control animals received equivalent injections of the respective vehicle solutions.
Behavioral testing paradigm
Capsaicin test
After an adaptation period (15 min), the mice received 1.6 μg of capsaicin dissolved in 20 μl of physiological saline and ethanol (5:1, v/v). Capsaicin was injected into the dorsal surface of the right hind paw of a mouse. The test compounds were administered by the same route 15 min before capsaicin. In this assay, the animals were observed individually for 5 min following capsaicin injection. Pain-related behavior, i.e. the amount of time spent on licking, biting, flinching, or lifting the injected paw was measured using a chronometer (Sałat et al., 2009 ).
AITC test
After an adaptation period (15 min), 20 μl of 0.1% (w/w) AITC solution was injected into the dorsal surface of the right hind paw of each mouse. The test compounds were administered using the same route 15 min before AITC. In this test, the animals were observed individually for 20 min following AITC injection. Pain-related behavior, i.e. the amount of time spent on licking, biting, flinching, or lifting the injected paw, was measured using a chronometer (Zhao et al., 2012) .
Formalin test
The injection of diluted formalin into the dorsal surface of the hind paw of a mouse produces a biphasic nocifensive behavioral response, i.e. licking, biting, flinching, or lifting the injected paw. The acute (neurogenic) nociceptive phase lasts for the first 5 min, and is followed by a period of little activity during the next 10 min. The second (late) phase occurs between 15 and 30 min after formalin injection (Laughlin et al., 2002) . The formalin test was performed as previously described (Sałat et al., 2013a) . Before the test, the mice were allowed to acclimate in Plexiglas cages (20 cm×25 cm×15 cm) for 30 min. Then, they were pretreated with the test compounds or vehicle injected into the dorsal surface of the hind paw. After 15 min, 20 μl of 5% (w/w) formalin solution was injected by the same route. Immediately after formalin injection, the animals were placed individually under glass beakers and were observed for the next 30 min. The total time (in seconds) spent on licking, biting, flinching, or lifting the injected paw was measured in periods of 0-5, 15-20, 20-25 , and 25-30 min in each experimental group, and was an indicator of nociceptive behavior.
Paclitaxel-induced neuropathic pain
Paclitaxel injected intraperitoneally at a single dose of 6 mg/kg body weight was applied to induce neuropathy. The development of neuropathy was assessed using the cold water test, in which hind paws of each mouse were subjected to noxious cold stimulation (water bath maintained at 4 °C) and the latency time to paw withdrawal was measured. The reduction of cold sensitivity threshold, i.e. the reduction of latency time to pain reaction, was an indicator of neuropathy (Sałat et al., 2013a) . The influence of the test compounds on tactile allodynia, cold and heat nociceptive thresholds was assessed using von Frey, cold water and hot plate tests, respectively.
Development of cold hyperalgesia
In the cold water test, the development of cold hyperalgesia in paclitaxel-treated mice was measured twice, i.e. 2 h (acute hyperalgesia) and then 7 d after paclitaxel administration (late hyperalgesia). A cut-off time of 30 s was established to avoid paw tissue damage. The mice not responding within 30 s were removed from the water and assigned a score of 30 s. For each animal, the reaction time was measured two to three times. An interval of at least 15 min between the two measurements was applied. To avoid paw cooling, the hind paws were dried with cellulose paper after each measurement. The reduction of latency time to pain reaction in paclitaxel-treated mice compared with mice not treated with this drug was an indicator of neuropathy. For further pain tests, only neuropathic mice were used.
Influence on cold nociceptive threshold
The influence of the test compounds on cold nociceptive threshold was investigated using the cold water test. After the establishment of baseline paw withdrawal latencies (pain behavior), each mouse was pretreated with the test compound or vehicle. Thirty minutes later the animals were again observed for the presence of pain behavior. To avoid paw tissue damage, a cut-off time of 30 s was established. The mice not responding within 30 s were removed from the water and assigned a score of 30 s. Final results were expressed as percentage maximal possible effect (%MPE) according to the following formula (Sałat et al., 2013a) : %MPE=[(t po -t pr )/(30-t pr )]×100%, where t po and t pr are post-drug latency and pre-drug latency, respectively.
Evaluation of mechanical nociceptive threshold
Hypersensitivity to mechanical stimuli (tactile allodynia) was assessed using an electronic von Frey unit (Bioseb, Montpellier, France) supplied with a single flexible filament applying increasing force (from 0 to 10 g) against the plantar surface of the hind paw of the mouse. The nocifensive paw withdrawal response automatically turned off the stimulus and the mechanical pressure that evoked the response was recorded. On the day of the experiment, the mice were placed individually in test compartments with a wire mesh bottom and were allowed to habituate for 1 h. After the habituation period, in order to obtain baseline values, each mouse was tested three times alternately in each hind paw, allowing at least 30 s between each measurement. Then the mice were pretreated with the test compound or the vehicle. Thirty minutes later the animals were tested again and the mean value of the paw withdrawal threshold was obtained for each mouse (Sałat et al., 2013a) .
Evaluation of heat nociceptive threshold
Thermal hyperalgesia was assessed in the hot plate test as previously described (Eddy and Leimbach, 1953) with minor modifications. First, baseline latencies to pain reaction were established for each mouse. Then, the mice were treated i.p. either with the test compound or vehicle. Thirty minutes later the animals were placed on the hot plate apparatus (Hot Plate 2A Type Omega, Cracow, Poland). This apparatus has an electrically heated surface and is supplied with a temperature-controller that maintains the temperature at 55-56 °C. The time until the animal licked its hind paws or jumped was recorded by means of a stop-watch. In this assay a cut-off time was established (45 s) to avoid tissue damage, and the mice not responding within 45 s were removed from the apparatus and assigned a score of 45 s.
Evaluation of motor impairing properties in paclitaxel-treated mice (rotarod test)
The rotarod test was performed according to the method recently described by Salat et al. (2012a) . Briefly, before drug testing the mice were trained for three consecutive days on the rotarod apparatus (May Commat RR0711, Turkey; rod diameter: 2 cm) rotating at a constant speed of 18 r/min. During each training session, the animals were placed on a rotating rod for 3 min with an unlimited number of trials. Drug testing was conducted at least 24 h after the final training trial. On the test day, 30 min before the rotarod test the mice were pretreated i.p. with the test compound or vehicle. Then, the animals were tested on the rotarod apparatus revolving at 6, 18, or 24 r/min. Motor impairments, defined as the inability to remain on the rotating rod for 1 min, were measured at each speed and were expressed as the mean time spent on the apparatus (Salat et al., 2012a) .
Data analysis
Data analysis of the results was provided by GraphPad Prism Software v.5 (San Diego, CA, USA). The numerical results from behavioral tests are expressed as mean±standard error of the mean (SEM). The results were statistically evaluated using Student's t-test or one-way analysis of variance (ANOVA), followed by Dunnett's or Tukey's post hoc comparisons to compare the results obtained in drug-treated and control groups. Repeated measures of ANOVA followed by Bonferroni post hoc comparison were applied for the statistical evaluation of time-courses of the development of cold hyperalgesia. In every case P<0.05 was considered statistically significant.
Results
Antinociceptive activity of TRP channel antagonists in the capsaicin test
In the capsaicin test, the mean duration of the licking response in vehicle-treated mice was (49±5.7) s. Neither A-967079 nor AMTB at any concentration tested showed the antinociceptive activity. In contrast to this, the two antagonists of TRPV1 channels, capsazepine and SB-366791 (both tested at 4 µg/20 µl, 8 µg/20 µl, and 16 µg/20 µl), showed the antinociceptive activity, reducing the duration of the licking response as compared with the vehicle-treated mice (Fig. 1) . The effects of both these compounds were concentration-dependent. A statistically significant antinociceptive effect was shown for 8 µg of SB-366791 (36.5%, P<0.01 vs. vehicle-treated mice), 16 µg of SB-366791 (49.7%, P<0.001 vs. vehicletreated mice), and for all concentrations of capsazepine (31.9%, P<0.05 for 4 µg; 51.4%, P<0.01 for 8 µg; and 64.0%, P<0.001 for 16 µg). The comparison of the antinociceptive efficacies of the same doses of SB-366791 and capsazeine showed that these differences were not statistically significant.
Antinociceptive activity of TRP channel antagonists in the AITC test
In control animals, the mean duration of AITCinduced nocifensive response was (113±18.2) s. SB-366791, capsazepine, or AMTB did not attenuate the pain reaction induced by AITC. Only A-967079 showed antinociceptive activity in this test, reducing the duration of the nocifensive response by 30%-43.8% (vs. control mice). This effect was statistically significant only for 16 µg/20 µl (P<0.05; Fig. 2) . Test compounds were administered into the dorsal surface of the hind paw of a mouse 15 min before capsaicin. The results were statistically analyzed using one-way analysis of variance (ANOVA), followed by Dunnett's post hoc comparison: F[3, 27] 
Antinociceptive activity of TRP channel antagonists in the formalin test
In the early (neurogenic) phase of the test (0-5 min) only A-967079 showed antinociceptive activity (53.9% vs. control animals; statistically significant at P<0.001). The other TRP channel antagonists tested did not have antinociceptive properties either in the early or in the late phase of the formalin test (Fig. 3) .
Antinociceptive activity of TRP channel antagonists in paclitaxel-induced neuropathic pain
Development of cold hyperalgesia
In the vehicle-treated mice, the mean latency time to pain reaction measured in the cold water test was (15.3±2.2) s. Two hours later in control mice not treated with paclitaxel, the mean latency time to pain reaction was (16.1±1.6) s (P>0.05 vs. latency time 2 h earlier). In contrast to this, a statistically significant reduction of pain sensitivity threshold was observed in the paclitaxel-treated group (Fig. 4) . At this time point in paclitaxel-treated animals, the mean latency time to pain reaction was (5.1±0.7) s (P<0.001 vs. latency before paclitaxel administration). Since this effect was even more pronounced 7 d after paclitaxel injection ((2.8±0.4) s; P<0.001 vs. latency time before paclitaxel injection), the influence of the test compounds on thermal (cold and heat) and mechanical nociceptive threshold was assessed 7 d after paclitaxel injection.
Influence of TRP channel antagonists on cold nociceptive threshold
In the cold water test in paclitaxel-treated mice only AMTB elevated the nociceptive threshold. For this compound %MPE value was 31% (significant at P<0.05). Neither capsazepine nor HC-030031 showed Cremophor EL used as a solubiliser to prepare paclitaxel solution had no effect on animals' pain sensitivity threshold, and there was only a marginal difference in pain reactivity between these animals and animals of the control group, so the data obtained for cremophor EL-treated mice were pooled antihyperalgesic activity in this test. The %MPE values obtained for these compounds were 3.2% and 2.4%, respectively (Fig. 5a) .
Influence of TRP channel antagonists on tactile allodynia
In the von Frey test in control mice not treated with paclitaxel, the mean paw withdrawal threshold in response to mechanical stimulation was (3.0±0.2) g. In paclitaxel-treated mice, a statistically significant reduction of pain reactivity threshold was observed (47% vs. non-treated mice, P<0.001). Capsazepine had no effect on mechanical nociceptive threshold, whereas HC-030031 and AMTB elevated it by 62% (P<0.001) and 51% (P<0.01), respectively (Fig. 5b) .
Influence of TRP channel antagonists on heat hyperalgesia
In the hot plate test in mice not treated with paclitaxel, the mean latency time to pain reaction was (12.8±0.8) s. The treatment with paclitaxel reduced the latency time to pain reaction to (8.9±0.5) s (P<0.001 vs. non-treated subjects). In the hot plate test, none of the test compounds attenuated heat hyperalgesia in neuropathic mice. In capsazepinetreated mice, as well as in mice treated with HC-030031 or AMTB, a significant reduction of latency time to pain reaction was observed (64%, 81%, and 63%, respectively; P<0.001 vs. baseline values obtained for paclitaxel-treated mice; Fig. 5c ).
Influence of TRP channel antagonists on motor performance
In the rotarod test, the influence of intraperitoneally administered TRP channel antagonists (capsazepine (40 mg/kg body weight), HC-30031 (25 mg/kg body weight), and AMTB (25 mg/kg body weight)) on motor coordination of neuropathic mice was measured 7 d after paclitaxel administration. None of the test compounds induced motor impairments in paclitaxeltreated animals either at 6 r/min (F[3, 31] 
Discussion
The results of this in vivo study confirmed the involvement of the 'thermosensitive' TRP channels, TRPV1, TRPA1, and TRPM8 in nociception induced by selected chemical, thermal (heat and cold), and mechanical stimuli. Antagonists of these channels investigated in the present research proved their ability to attenuate nocifensive responses in behavioral models of acute (neurogenic) pain and chronic (neuropathic) pain in mice. This finding suggests that antagonists of TRP channels could be potential novel analgesics used in acute and neuropathic pain. It is, however, worth noting that their antinociceptive efficacy was strongly dependent on the kind of nociceptive stimulation applied.
To assess the role of TRP channels in nociception related to neurogenic inflammation (capsaicin test, AITC test, the first phase of the formalin test), the antagonists of TRPV1, TRPA1, and TRPM8 were administered into the dorsal surface of the hind paw to test their antinociceptive activity directly at the site of their application. An intraperitoneal route of administration was used in the paclitaxel-induced neuropathic pain to evaluate antiallodynic and antihyperalgesic properties of TRP channel antagonists in neuropathy caused by this antineoplastic agent.
In rodents neurogenic inflammation can be elicited by a variety of chemical stimulants, including AITC, capsaicin, or formalin. Although the behavioral symptoms of this phenomenon (edema of the injected paw and pain which induces licking or biting responses) are similar regardless of the kind of chemical used, it is assumed that these three substances have distinct mechanisms of action. Capsaicin is an agonist of TRPV1 channels, AITC selectively stimulates TRPA1 channels (Lopes et al., 2013; Sałat et al., 2013b) , whereas formalin not only stimulates TRPA1 channels (McNamara et al., 2007) but it has also other pronociceptive mechanisms (Coste et al., 2012) .
We have found that only the treatment with the TRPV1 antagonists, capsazepine and SB-366791, effectively attenuates capsaicin-induced nociception. This finding is in line with previous studies showing that mice lacking TRPV1 channels demonstrate a reduced nociceptive response to capsaicin, while they have normal reaction to other painful stimuli (Bandell et al., 2004) . In rodents the administration of capsaicin into the dorsal surface of the hind paw determines hyperalgesia in response to thermal and mechanical stimuli (Callsen et al., 2008; O'Neill et al., 2012) . This effect is due to TRPV1 stimulation, but capsaicin can also increase oxidative stress, reduce intracellular glutathione levels (Westlund et al., 2010) , and inhibit TASK-1, TASK-3, and TRESK two-pore domain potassium channels (Beltrán et al., 2013) . These different mechanisms of capsaicin's action can at least in part explain the results of this present study, in which we demonstrated that a non-selective and competitive antagonist of TRPV1, capsazepine (Santos and Calixto, 1997; Lopes et al., 2013) , attenuated pain symptoms of neurogenic inflammation elicited by capsaicin more effectively than SB-366791, a selective TRPV1 channel antagonist. Although these differences in efficacy of the two compounds were not statistically significant, they might suggest that capsaicininduced alterations underlying the development of neurogenic inflammation not only depend on the stimulation of TRPV1, but also involve other signaling pathways. For capsazepine, additional mechanisms of action have been demonstrated. In vitro this compound inhibits potassium, calcium, and sodium channels (Docherty et al., 1997) , and it acts as an antagonist of nicotinic receptors (Ray et al., 2003) . It also decreases the expression of nitric oxide synthase in lipopolysaccharide-stimulated macrophages (Oh et al., 2001) , and is able to abolish the inhibitory effect of capsaicin on endogenous opioid peptide binding to μ and κ receptors (Islam, 2011) . In our research, the antinociceptive effect of capsazepine was shown after its local administration, which proved a peripheral antinociceptive activity observed at the injection site. Previously we also demonstrated that capsazepine exerted antinociceptive activity after systemic administration (Salat et al., 2012b) . These 'off-target' effects of capsazepine may be in part the basis for the variations in potency seen for capsazepine and SB-366791. On the other hand, one must be cautious about over-interpreting the results on relative potency of these two drugs since only three concentrations were compared in this present study. Differences in bioavailability and/or differential clearance of the TRP channel antagonists should rather be excluded as determinants of the relative potency in the capsaicin test in view of the local application of the drugs used.
In mice the administration of AITC into the dorsal surface of the hind paw evokes neurogenic inflammation with paw edema formation, significant hyperalgesia and allodynia. AITC is an activator of TRPA1 channels (Ren and Dubner, 1999; Bautista et al., 2005; Merrill et al., 2008; Sandkühler, 2009) . It causes a rapid nociceptive response in experimental animals. This can explain the fact that in the present study the attenuation of AITC-induced neurogenic pain was demonstrated only for a TRPA1 antagonist, A-967079, but not for TRPV1 or TRPM8 antagonists.
A formalin model of tonic pain assumes a biphasic nociceptive response of animals. The first phase of the test is directly associated with the stimulation of nociceptors and the development of neurogenic inflammation. The second phase is dependent on peripheral inflammation and central sensitization of pain (Laughlin et al., 2002) . Based on the dependence of the first phase responses on the stimulation of TRP-expressing peripheral nerve endings, the effect of TRP channel antagonists was assessed in the formalin model. In the first phase of this test, only A-967079 reduced neurogenic pain, while other test compounds were not effective. None of the TRP channel antagonists was effective in the late phase. The effectiveness of A-967079 in the neurogenic phase of pain caused by formalin is in line with previous studies by McNamara et al. (2007) who showed that another TRPA1 antagonist, HC-030031, attenuated pain responses in both the early and the late phases of the formalin test. Although Santos and Calixto (1997) demonstrated the antinociceptive activity of intradermal capsazepine in the formalin test, this compound was not effective in our study. Their results do not coincide with those obtained in the present work, and this might be explained by methodological differences (lower concentrations of formalin, a different channel antagonist used at a high dose, and its route of administration-intraperitoneal). Indeed, behavioral responses in the formalin assay increase with increasing concentrations of formalin at 2%-5% (Sawynok and Liu, 2003) . This might in part explain the lack of efficacy of SB-366791, capsazepine, and AMTB in our study, in which a relatively high concentration of formalin (5%) was used. Moreover, it must be emphasized that formalin-induced pain involves numerous mediators, channels, and receptors (Santos and Calixto, 1997; Coste et al., 2012) , as well as nerve fiber types (Rios et al., 2013) and signaling pathways (Coste et al., 2012) , so a selective inhibition of only one type of TRP channels might be insufficient to obtain effective antinociception. In addition, the local administration of TRP channel antagonists used in our study, and hence their strictly peripheral, local action might explain the lack of efficacy observed in the second phase of the test during which central sensitization of pain plays a pivotal role.
In rodents paclitaxel induces painful peripheral neuropathy with hypersensitivity to touch and cold. There are conflicting data regarding the development of heat hyperalgesia in this pain model (Bennett, 2010; Pascual et al., 2010; Xiao et al., 2012) and it is thought that the symptoms observed strongly depend on the strain, as well as different methodology used in each laboratory (Pascual et al., 2010) . In order to exclude potential false positive results of pain tests, we evaluated the impact of TRP channel antagonists on motor coordination before the assessment of the their antinociceptive activity. No motor deficits were observed in the rotarod test. This indicated that the activity observed in pain tests was not due to neuromuscular blockade.
The onset of sensory symptoms after a single injection of paclitaxel appears within a few hours after its administration and is transient (until 24 h after paclitaxel administration). Full hypersensitivity is usually observed 7-14 d after a single injection of paclitaxel (Andoh et al., 2013; Rigo et al., 2013) . We have shown that TRPM8 is involved in cold hyperalgesia in mice treated with paclitaxel. In the present study, acute hyperalgesia (2 h after paclitaxel injection) was not due to the influence of the solvent, as animals treated with the solvent that was used for paclitaxel preparation had reaction latency similar to that of vehicle-treated non-neuropathic mice.
Pain tests were conducted when hypersensitivity was sustained on Day 7 after paclitaxel injection. AMTB, a TRPM8 antagonist, efficaciously attenuated pain in response to low temperature. Neither HC-030031 nor capsazepine proved to be effective in the cold water test. The involvement of TRPA1 channels in the development of cold hyperalgesia in response to paclitaxel was shown previously either using genetic blockade (knockout TRPA1 -/-animals), or TRPA1 antagonists (Chen et al., 2011; Materazzi et al., 2012; Zhao et al., 2012) . In our work, this mechanism has not been confirmed, but our results are consistent with those presented by Bautista et al. (2006) .
It is assumed that TRPA1 acts as an integrator of numerous endogenous and exogenous chemical and mechanical stimuli (Kerstein et al., 2009) . HC-030031, a TRPA1 antagonist, attenuates mechanical hypersensitivity in some models of chronic inflammatory and neuropathic pain (complete Freund's adjuvant and spinal nerve ligation models) (Eid et al., 2008) . In our study we found a significant reduction of mechanical nociceptive threshold in paclitaxel-treated mice compared to non-treated littermates. Tactile allodynia was alleviated by the administration of HC-030031, as well as AMTB. This suggests that both TRPA1 and TRPM8 are responsible for the increased pain sensitivity in response to mechanical stimulation in paclitaxel-treated mice. In contrast to this, we did not demonstrate the antiallodynic activity of capsazepine in the von Frey test and this finding remains in agreement with reports of other authors (Chen et al., 2011) . Tactile allodynia is mediated through Aβ-afferent fibers (Pascual et al., 2010) . This can explain the observed lack of efficacy of capsazepine in the von Frey test, as this agent has no influence on Aβ-fibers. It is also worth noting that species differences of the antiallodynic activity of capsazepine in guinea pigs, mice, and rats were reported by Walker et al. (2003) . They showed that capsazepine did not reverse chronic pain symptoms and was not able to attenuate mechanical hyperalgesia in mice and rats in contrast to its effectiveness in guinea pigs.
There are reports showing that paclitaxel can evoke heat hyperalgesia in mice (Xiao et al., 2012) . In line with this, heat hyperalgesia in response to paclitaxel was observed in the present research, but the antinociceptive activity of TRP channel antagonists was not shown. None of the test compounds was able to restore the physiological threshold for thermal sensitivity in the hot plate test. In the case of capsazepine, its aforementioned species-dependent efficacy might at least in part explain the lack of antihyperalgesic properties in the hot plate test. The lack of effects of capsazepine may be also due to either inadequate dose or the temperature used. These issues might be a limitation of the present study. Interestingly, all TRP channel antagonists that were tested lowered thermal nociceptive threshold in this assay. This proalgesic effect is rather unexpected and it requires further research. The temperature applied in the hot plate test likely invokes not only TRPV1 channel but also additional 'thermosensitive' TRP and other ion channels, such as TRPV4 (VRL-2). The use of such a relatively high temperature could and probably has skewed the results with respect to the ability of TRPV1 antagonists to attenuate pain associated with heat stimulation. This issue is also discussed here as a potential limitation/confounding factor in the interpretation of the data obtained in the hot plate test, and indicates that the activity of TRPV2 antagonists should be investigated as a next step of our studies.
In summary, previous reports from both in vivo and in vitro studies indicated that the 'thermosensitive' TRP channels TRPV1, TRPA1, and TRPM8 might be emerging drug targets for novel analgesic drugs (Sałat et al., 2013b) . The results of our research performed in mice have demonstrated that the antagonists of these channels might attenuate pain responses related to neurogenic inflammation elicited by capsaicin, AITC, and formalin. In addition, they are able to diminish cold as well as tactile allodynia but not heat hyperalgesia in neuropathic pain induced by paclitaxel. In neuropathic mice, the antinociceptive activity of these compounds is not accompanied by motor impairing properties, so they seem to be very promising lead structures in the search for novel analgesic drugs and pharmacological tools to study mechanisms of nociception.
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